The BCR-ABL fusion, the molecular equivalent of the Philadelphia translocation, gains importance for treatment stratification in adult acute lymphoblastic leukemia (ALL). In this prospective study, samples from 478 patients with CD10 
Introduction
The Philadelphia (Ph) chromosome is the most frequent cytogenetic abnormality known in human leukemias and can be detected in more than 95% of patients with chronic myeloid leukemia (CML), in a range of 20% to 40% of adults with acute lymphoblastic leukemia (ALL), 2% to 5% of children with ALL, and in rare cases of acute myelogenous leukemia. [1] [2] [3] [4] [5] [6] This t(9;22) translocation leads to a head-to-tail fusion of the abl proto-oncogene from chromosome 9 with the 5Ј half of the breakpoint cluster region (bcr) sequences on chromosome 22. 7, 8 Transcription of bcr-abl results either in a 8.5-kilobase (kb) messenger RNA (mRNA) that codes for a 210-kd protein or in a 7.5-kb mRNA encoding a 190-kd protein. 8, 9 For the p210 protein, exon b2 or exon b3 of the BCR gene (M-bcr region) is coupled to ABL exon 2 (b2a2 or b3a2 junction), whereas the p190-kd protein results from a break within the first intron of BCR (m-bcr region) splicing the first exon of the BCR gene to the second exon of the ABL gene (e1a2). 1 Other fusion products are observed at much lower frequencies. BCR-ABL proteins demonstrate enhanced tyrosinase kinase activity compared to the normal 145-kd ABL gene product. Moreover, p190 exhibits a higher transforming potential than p210 in transfection assays and transgenic mouse models. 10, 11 BCR-ABL expression in hemopoietic cells is known to induce resistance to apoptosis, growth factor independence, as well as alterations in cell-cell and cell-matrix interactions. [12] [13] [14] [15] The p210 product is the hallmark of CML, whereas p190 and the p210 subtype occur in B-lineage ALL. 1, 2, 5, 8, 9 Studies on childhood ALL demonstrated that most children carry p190 rather than p210, and that the Ph chromosome is an important negative prognostic factor. 3, 4 In adult ALL, the occurrence of BCR-ABL positivity is confined to CD10 ϩ B-cell precursor ALL (c-ALL and pre-B ALL precursor). 5 The prevalence and the distribution of the various BCR-ABL translocations is less clear in adults, although a correlation with a poor outcome and long-term survival of less than 10% is evident. 2, 5, 6, 16 Whereas mature B-ALL, T-ALL, and pro-B ALL achieved a significant increase in survival, prognosis of overall adult ALL stagnated in the 1990s mainly due to the only slight improvements in c-ALL and pre-B ALLs. Despite Ph ϩ patients representing the subgroup with the worst prognosis, no prospective evaluation of this high-risk feature has been reported within CD10 ϩ ALL with polymerase chain reaction (PCR) methods.
The goal of this prospective trial was to clarify the prevalence of the BCR-ABL recombination subtypes in c-ALL and pre-B ALL by reverse transcription-PCR (RT-PCR). One further aim was to increase the reliability of PCR by simultaneously evaluating positive probes in a second laboratory. This study within the German Multicenter Trials of Adult ALL (GMALL) also investigated the prognostic significance of the bcr breakpoints and offers the first data on the validity of risk criteria in this subset of ALL patients.
Patients, materials, and methods

Patients and diagnosis
Pretreatment specimens were obtained from 875 adults entering the GMALL trials 04/89 and 05/93 between January 1992 and July 1999. The following analyses were all performed in prospective, controlled procedures and were essential for treatment stratification.
Before start of treatment, the diagnosis of ALL was confirmed at the central cytologic laboratory (H. Loeffler, Kiel, Germany) by evaluating bone marrow and peripheral blood smears according to the French-AmericanBritish criteria. 17 In addition, immunophenotyping was performed at the GMALL central reference laboratory (E. Thiel, Berlin, Germany); details of the methods used for immunophenotyping and classification have been published elsewhere. 18, 19 Special attention was paid to CD10-positivity within the B-lineage marker-positive (CD19 ϩ , cytoplasmic CD22 ϩ ) cases, which was controlled by a second antibody in ambiguous cases (5%-20% CD10 positivity). Immunophenotypic subgroups of B-cell precursor ALL were defined as follows: pro-B ALL,
Molecular detection of the BCR-ABL fusion
Prospective PCR testing was performed on cell samples from 478 c-ALL or pre-B ALL patients at diagnosis (04/89, n ϭ 61; 05/93, n ϭ 417). Because only 2 of 96 pro-B ALLs were BCR-ABL ϩ , pro-B ALLs were excluded for clinical follow-up to achieve a homogeneous patient population. After negative results in 30 T-ALL blast cell samples, BCR-ABL PCR was omitted in the remaining cases with T-ALL immunophenotype (n ϭ 215). Immunophenotypically unclassified leukemias (n ϭ 17) and B-ALL (n ϭ 69) were also excluded from BCR-ABL evaluation.
Peripheral blood was accepted for analysis in rare cases in an overt leukemic state. At least 2 samples containing 5 ϫ 10 6 cells each were used for PCR, which was performed at 2 institutions (Department of Hematology, Oncology, and Transfusion Medicine, Department of Hematology, Berlin, and Institute of Human Genetics, Heidelberg). Total RNA was isolated from fresh or cryopreserved leukemia cells by standard methods. Amplification of either ABL-ABL or BCR-ABL fusion products was performed on complementary DNA (cDNA) reaction mixtures in an automatic thermocycler (Perkin Elmer Biosystems, Foster City, CA) using a nested primer approach (25 cycles each). The 2 laboratories used different PCR protocols 2 and oligonucleotide primers (Table 1) . PCR products were visualized by electrophoresis in 2% agarose gels stained with ethidium bromide.
All recommended precautions were taken to avoid contaminations. A negative (sterile water) and a positive control were included in each amplification experiment. Also the following precautions were undertaken to ensure the accuracy of results: (1) No cells, no RNA, and no amplified samples were allowed in the room where PCR mixtures were prepared. (2) No amplified samples were brought back into the room where RNA processing was performed. (3) The thermal cyclers were kept in a separate laboratory, away from the room where cell collection and RNA processing were performed.
In the case of a positive BCR-ABL result in the initial PCR, the other laboratory performed a control PCR on a second fraction of the patient's cell probe. BCR-ABL-negative samples were controlled in 120 cases by a second PCR.
Concordant results between 2 different PCR assays were classified as BCR-ABL ϩ . If the laboratories obtained divergent results, PCR assays were repeated and if consistently divergent results were obtained, this PCR result was finally classified as ambiguous. Samples containing no amplifiable RNA were evaluated as insufficient.
Cytogenetic analysis and fluorescence in situ hybridization
Cytogenetic analysis and fluorescence in situ hybridization (FISH) were performed prospectively on 212 cell samples, which were prepared for chromosome analysis and G-banded as described elsewhere. 20 Chromosome abnormalities were identified and classified according to the International System for Human Cytogenetic Nomenclature. 21, 22 FISH was carried out according to a method described elsewhere 23 and was applied in part retrospectively on 17 cell samples.
Treatment schedules
Treatment comprised induction, consolidation I, reinduction, consolidation II, maintenance, and central nervous system (CNS) prophylaxis and has been published elsewhere for the 04/89 study. 19, 24 Protocols were adapted to risk groups as reviewed by Hoelzer and colleagues 25 and Ph ϩ /BCR-ABL ϩ patients were allocated to the high-risk arm ( Figure 1 and Table 2 ).
Induction consisted of two 4-week protocols. Induction phase I included prednisone, vincristine, daunorubicin, and L-asparaginase and was similar for all patients. Induction phase II of the 04/89 study was composed of cyclophosphamide, 6-mercaptopurine, and cytosine arabinoside (ara-C); high-risk patients younger than 50 years from the 05/93 study received high-dose (HD) ara-C (3 g/m 2 intravenously [IV] every 12 hours, days 1-4) and mitoxantrone (10 mg/m 2 IV, days 3-5). In the 04/89 study, high-risk patients were randomized to receive either HD ara-C/mitoxantrone or HD methotrexate (MTX) and asparaginase as consolidation therapy. In the 05/93 study, consolidation combined HD MTX, asparaginase, 6-mercaptopurine (25 mg/m 2 orally [PO], days 1-5 and 15-19), ara-C (500 mg/m 2 IV, RT-PCR primer 5Ј-TGATTATAGCCTAAGACCCGGA-3Ј (2o, ABL II)
o indicates outer primer; i, inner primer.
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BLOOD, 1 MARCH 2002 ⅐ VOLUME 99, NUMBER 5 For personal use only. on April 13, 2017 . by guest www.bloodjournal.org From day 29), and cyclophosphamide (1000 mg/m 2 IV, day 29). If an HLAcompatible sibling donor was available, high-risk patients were treated with allogenic bone marrow transplantation (BMT) in the first complete remission (CR). Reinduction phase I was performed with prednisone, vincristine, and adriamycin; cyclophosphamide, thioguanine, and ara-C were given during phase II reinduction. Consolidation II treatment in the 04/89 study was based on ara-C and VM-26. In the 05/93 trial, these agents were supplemented for high-risk patients by alternating cycles of HD ara-C/mitoxantrone, HD MTX/asparaginase, and cyclophosphamide/ara-C. Maintenance therapy combined 6-mercaptopurine and MTX starting at week 39 (04/89 study) or week 29 (05/93 study). In the 05/93 study, maintenance therapy was stopped during the consolidation cycles. All patients except the high-risk group in the 05/93 study received 5 intrathecal (IT) injections of MTX and cranial irradiation during induction therapy as well as repeated applications of triple therapy (MTX, dexamethasone, ara-C) during postremission and maintenance therapy.
Statistical analysis
The database was set up at the data center of the GMALL study group (Gesellschaft für Informationsverarbeitung in der Medizin, Munich, Germany) and the statistical analysis was performed at the GMALL study center (Frankfurt, Germany). The median follow-up was 39 months (range, 1-94 months) for surviving patients. The data of the 05/93 study were updated in October 2000. The 2 test was used to compare the clinical parameters between BCR-ABL ϩ and BCR-ABL Ϫ patients and between the different BCR-ABL subtypes. The 2-sided Wilcoxon-Mann-Whitney test was applied for comparison of median values. Survival was defined as the time from the start of therapy to the last follow-up or death. Disease-free survival (DFS) was the time from achievement of CR to relapse or death in remission (event) or date of last follow-up (censored). DFS and survival time were estimated by the Kaplan-Meier method and compared by the log-rank test. 26, 27 To identify factors of independent value, multivariate analysis of potential prognostic factors was performed using the Cox proportional hazards model. 28 The statistical analysis was performed with the SAS program (SAS-PC, Version 6.12; SAS Institute, Cary, NC).
Results
Prevalence of BCR-ABL fusion
Ninety-one percent of the samples (432 of 478) could be analyzed successfully by BCR-ABL RT-PCR with high concordance of the results (4% discordance). BCR-ABL positivity was recorded by both laboratories in 39% of c-ALL (150 of 383) and in 26% of pre-B ALL (25 of 95) leading to a prevalence of 37% BCR-ABL transcripts in the whole group of the CD10 ϩ B-lineage precursor ALL (Table 3 ). For patients with successful central BCR-ABL PCR diagnostics, a prevalence of 41% BCR-ABL ϩ patients was evident.
Concerning treatment protocols, in the 04/89 study 30 of 61 (49%) patients were diagnosed BCR-ABL ϩ . In the trial 05/93, 145 of 417 (35%) patients yielded a BCR-ABL fusion transcript.
Prevalence of the different bcr breakpoints
Both subtypes of BCR-ABL transcripts (m-bcr/p190 and M-bcr/ p210) were similarly distributed in c-ALL and pre-B ALL (Table  4 ). The p190 variant was present in 77% (135 of 175) and p210 products in 20% (34 of 175) of the BCR-ABL ϩ patients. Simultaneous occurrence of p190 and p210 was determined in 3% (6 of 175) of the patients. Seventy-one percent of the patients with p210 (M-bcr) expressed b2a2 (n ϭ 24), whereas 26% had b3a2 (n ϭ 8) transcripts. PCR revealed simultaneous amplification of b2a2 and b3a2 in only one sample.
In the different treatment trials (04/89; 05/93), p190 and p210 fusion transcripts occurred at a similar prevalence as in the total study population.
Cytogenetic detection of the Ph translocation and comparison to the PCR result
Concurrent BCR-ABL PCR and cytogenetic analyses were performed on 212 patients' cell samples (Table 4) . PCR failed to obtain an evaluable result in 12 (6%) patients (6 ambiguous, 6 insufficient PCR results), cytogenetics in 28 (13%), and both methods in 4 patients (2%). In the remaining 168 patients, 89% concordant results were obtained by cytogenetics and PCR (n ϭ 149).
Nineteen specimens remained discordant after PCR and karyotyping analysis. Sixteen positive PCR amplificates could not be confirmed by a t(9;22) karyotype. FISH was performed in 6 of these samples and detected a translocation in all cases. One further Table 2 .
patient exhibited a t(9;22) at relapse, suggesting the presence of a BCR-ABL fusion also at diagnosis. PCR missed a t(9;22) in 3 patients. This includes one patient with a variant t(9;20;22) and another one in whom retrospectively repeated PCR reactions identified a false-negative initial PCR result.
Cytogenetic evaluation was performed on 6 of 17 cases with an ambiguous PCR result and a t(9;22) was evident in none of these patients. FISH was carried out in one additional, ambiguous ALL cell sample and did not yield a BCR-ABL fusion.
Prevalence of BCR-ABL fusion transcripts in patients without sufficient central BCR-ABL PCR data
Twenty-one ALL cell samples contained fewer than 2 ϫ 10 5 cells and were considered insufficient for double PCR (Table 3) . Seven samples did not yield evaluable RNA in both laboratories and were classified as one laboratory only (Table 3 ). In 19 of these 28 patients, BCR-ABL PCR was performed at local study centers and central cytogenetic analysis was done in 11 patients. These additional analyses in 6 of 19 evaluable patients yielded a BCR-ABL fusion transcript or a t(9;22) or both. Thus, a prevalence of 32% t(9;22) is evident even in those patients without sufficient cell counts for double PCR.
Clinical characteristics
Clinical characteristics before treatment were available in 432 patients with c-ALL or pre-B ALL with successful BCR-ABL analysis (256 males, 176 females) and are summarized in Table 5 . The number of patients within 3 age groups (Ͻ 20 years, 20-50 years, Ͼ 50 years) differed significantly between BCR-ABL ϩ and BCR-ABL Ϫ patients (P ϭ .001) and the median age was significantly higher in the BCR-ABL ϩ group (45 versus 30 years; P ϭ .0001). BCR-ABL ϩ patients were also characterized by higher median white blood cell (WBC) counts (23 500/L versus 11 550/ ìL; P ϭ .0001), higher median neutrophil counts (2219/L versus 1080/L; P ϭ .0001), and hemoglobin values (10.2 g/dL versus 9.2 g/dL; P ϭ .004) although platelet counts and blast infiltration were similar in both BCR-ABL ϩ and BCR-ABL Ϫ patients. Pretreatment complications like bleeding and infection occurred at similar rates in the BCR-ABL ϩ and BCR-ABL Ϫ groups. Concerning the immunophenotype, BCR-ABL ϩ ALL blasts expressed at a higher level CD34 (94% versus 66%; P ϭ .001) and myeloid antigens (CD13, 27% versus 14%, P ϭ .001; CD33, 27% versus 18%, P ϭ .018). Organomegaly was more often observed in the BCR-ABL Ϫ patients (hepatomegaly, 43% versus 34%; splenomegaly, 54% versus 45%), but significance was not reached. Patients with In each lane the number of patients is given. Ph ne indicates t(9;22) not evaluable; PCR ne, insufficient material.
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Treatment response
Of the total, 432 patients were evaluable for treatment response and outcome. A significant difference in the initial response rate according to BCR-ABL status was evident. A complete remission (CR) was achieved in 217 of 257 (84.6%) BCR-ABL Ϫ patients and 120 of 175 (68.4%) of BCR-ABL ϩ patients (P ϭ .001; Table 6 ); 19 (7%) BCR-ABL Ϫ and 32 (18%) of the BCR-ABL ϩ patients did not respond to induction therapy. One hundred and nine (50%) of the BCR-ABL Ϫ and only 20 (17%) of the BCR-ABL ϩ patients maintained a CR.
Irrespective of the therapeutic protocol, in both treatment trials the presence of a BCR-ABL fusion predicted (P ϭ .0001) a lower survival (04/89 study, median survival 330 days; 05/93 study, median survival 334 days) in comparison to BCR-ABL Ϫ patients (04/89 study, median survival 907 days; 05/93 study, median survival 873 days). In both treatment trials the DFS of BCR-ABL ϩ patients was similar with a median of 245 days (04/89 study) and 255 days (05/93 study). Both studies were therefore combined for further analyses.
The probabilities of survival and DFS for the whole group of BCR-ABL ϩ and BCR-ABL Ϫ patients are demonstrated in Figure  2A and 2B, respectively. Figure 2C illustrates the DFS excluding patients who underwent BMT. The probability of survival at 3 years after diagnosis accounts for 0.47 (Ϯ 0.03 SE) in BCR-ABL Ϫ (n ϭ 257; median survival, 905 days) versus 0.15 (Ϯ 0.03 SE) in BCR-ABL ϩ patients (n ϭ 175; median survival, 334 days; P ϭ .0001). Even BCR-ABL ϩ patients who reached CR (n ϭ 120) have only a 0.19 (Ϯ 0.04 SE) survival probability at 3 years in comparison to 0.55 (Ϯ 0.04 SE) in BCR-ABL Ϫ cases (n ϭ 217; P ϭ .0001) with a median survival of 394 days in BCR-ABL ϩ and 1585 days in BCR-ABL Ϫ patients. The DFS of BCR-ABL ϩ patients remains markedly low (without BMT at 3 years, 0.06 Ϯ 0.03 SE; with BMT at 3 years, 0.13 Ϯ 0.03 SE), despite a higher percentage of BCR-ABL ϩ CR patients having stem cell transplantation procedures (n ϭ 17 BCR-ABL Ϫ ; n ϭ 57 BCR-ABL ϩ ). However, although this treatment intensification accounted for a higher mortality for BCR-ABL ϩ patients in remission, there were no long-term survivors after chemotherapy alone in the BCR-ABL ϩ patients.
Looking at the different BCR-ABL subtypes with regard to prognostic relevance, no clear statistically significant difference for p190 and p210 transcripts was observed, although p210 ϩ patients tended to do worse. CR rates after induction therapy were 67% for p190 (n ϭ 91) versus 74% for p210 (n ϭ 25) and the probability of survival after 3 years was 0.19 (Ϯ 0.04 SE) for p190 (n ϭ 135) and 0.03 (Ϯ 0.03 SE) for p210 (n ϭ 34; P ϭ .07; Figure 3) . Although p190 ϩ patients in CR (n ϭ 91) had survival estimates after 3 years of 0.23 (Ϯ 0.05 SE) compared to 0.04 (Ϯ 0.04 SE; P ϭ .07) for p210 transcripts (n ϭ 25), the probability of DFS after 3 years was 0.15 (Ϯ 0.04 SE) for p190 (n ϭ 89) and 0.04 (Ϯ 0.04 SE) for p210 (n ϭ 24; P ϭ .23) with a median remission duration of 8.3 months for p190 and 7.6 months for p210.
Multivariate analysis
Based on former prognostic factors of the GMALL studies for survival of CR patients in the univariate analysis, that is, time to CR (Ͻ or Ͼ 4 weeks), WBC count (Ͻ or Ͼ 30 000/L), age (Ͻ or Ͼ 50 years) and BCR-ABL (positive or negative), were selected for multivariate analysis. This evaluation, based on 334 cases, confirmed only the WBC count and especially the BCR-ABL PCR result as independent prognostic factors ( Table 7) .
Discussion
One aim of this study was to evaluate the prevalence of BCR-ABL positivity prospectively in a large series of adult c-ALL and pre-B ALL patients. Thirty-seven percent of these ALLs were identified as BCR-ABL ϩ in comparison to our previously published retrospective analysis. 2 Thus, we record a similar frequency of BCR-ABL positivity as given by other authors for adult CD-10 ϩ ALL. 5 Five Early death is death in less than 56 days. N indicates number of evaluable patients; CCR, continuous CR. (14) 46 (27) .001
CD33 Ͼ 20%# 45 (18) 126 (27) .001
In each column is given the number (percent) of patients with a certain clinical feature such as age or WBC within the group of all BCR-ABL Ϫ or BCR-ABL ϩ patients. P refers to the comparison of each clinical parameter in BCR-ABL Ϫ versus BCR-ABL ϩ patients.
* percent of the c-ALL and pre-B ALL specimens failed to obtain sufficient blast cell counts, but even in those patients a 30% prevalence of BCR-ABL transcripts or t(9;22) translocations was evident. Because only 2% of the pro-B ALL patients were diagnosed BCR-ABL ϩ and the vast majority if not all T-ALL and L3-type B-ALL may be assumed to be BCR-ABL Ϫ , a calculated frequency of 20% BCR-ABL ϩ ALL samples can be estimated for the whole adult ALL series and a similar result has been published recently. 29 As in childhood ALL, 4, 30 our data demonstrate the predominance of p190 products (77%) compared to p210 amplificates (20%) as already published elsewhere, 2,5 although trials with smaller patient cohorts detected a higher prevalence of p210 transcripts. 31, 32 Looking at the p210 ϩ group, b2a2 transcripts were more frequent than b3a2. Coexpression of p190/p210 was a rare event in our study (1%), but some authors reported a high rate of very low-level p190 in p210 ϩ leukemias by competitive PCR. 33 PCR and karyotype analysis agree in 90% of the cases, 5, 23, [34] [35] [36] which could be confirmed in our study. With the application of double testing, consistently false-positive PCR results were rare and mainly caused by contamination. Despite only very few patients having false-negative PCR results as revealed by cytogenetics and confirmed PCR, ongoing trials continue to apply double testing in all cell samples to achieve the best accuracy. Analysis by FISH and standard cytogenetics may provide additional information, but karyotype analysis may lead to falsenegative results and FISH is hampered by the possibility of false-positive results. Thus, in the context of therapeutic treatment stratification, PCR is the preferred method of BCR-ABL detection and offers higher sensitivity than karyotyping as well as the opportunity to differentiate p190 and p210.
The demonstration of discrete oncogenic potential of the different BCR-ABL transcripts 10, 11 led to the speculation that the breakpoint region has an impact on clone biology and clinical manifestations. Relating to the breakpoint, there are no differences in presenting features beside the higher age of p210 ϩ patients. Despite a trend, statistical significant differences in remission achievement or DFS have not been reached. 31 Because in our study population an age bias in the p210 ϩ patients is not completely ruled out, the evaluation of larger study cohorts will be necessary to clarify prognostic differences of BCR breakpoint regions.
The molecular and clinical findings underscore the similarities of adult and childhood Ph ϩ ALL and support the view that BCR-ABL ϩ ALL is a single clinical entity with a wide age range. Our data confirm the hypothesis that BCR-ABL ϩ ALL in comparison to BCR-ABL Ϫ disease represents a subgroup with a worse prognosis within the CD10 ϩ B-lineage ALL. One main difference is the frequency of patients exhibiting a BCR-ABL translocation (37% compared to 3% by children). 4 Furthermore, in contrast to childhood ALL, 4 our data indicate a higher degree of immaturity of BCR-ABL ϩ blasts as evidenced by the coexpression of CD34 and For personal use only. on April 13, 2017 . by guest www.bloodjournal.org From myeloid antigens. On clinical grounds, in children, prednisone response, age, and leukocyte count at the time of diagnosis predict outcome of BCR-ABL ϩ ALL, but the estimates of DFS for the children with the worst prognosis still exceeds the outcome of BCR-ABL ϩ adult ALL by far. 4 Despite the fact that HD chemotherapy with ara-C and MTX was part of the protocol and a substantial proportion of patients underwent BMT, the overall survival of our BCR-ABL ϩ adult patients remained markedly low, which is in keeping with recent results. 37, 38 Our data demonstrate that BCR-ABL positivity is associated with a worse prognosis resulting from a lower initial CR rate and earlier occurrence of relapse. Analysis of prognostic criteria confirmed in our patients the well-established clinical high-risk factors in univariate analyses, 25 that is, high WBC count, age above 50 years, and time to achievement of CR. However, the highest level of significance was reached for the BCR-ABL rearrangement and remarkably the multivariate analysis revealed the presence of BCR-ABL as the leading risk factor. Similar to other trials, 37 age at disease onset, time to reach CR, and in part WBC count lost their relevance and may be influenced in earlier trials by their correlation to the Ph translocation. 25 Biologic and clinical investigations have revealed that ALL is not a uniform disease but is comprised of immunophenotypical and genetical subentities, which differ in their natural history, clinical presentation, and prognosis. Biologic characterization of certain ALL subtypes is one of the major advances in adult ALL. BCR-ABL is revealed as an outstanding poor prognostic factor, which occurs at a high prevalence in c-ALL and pre-B ALL patients and may explain in part the poor outcome of B-lineage ALL in adults.
Thus, in all patients with these immunophenotypes BCR-ABL RT-PCR should be performed to rapidly identify low-risk patients. For BCR-ABL ϩ patients, so far no improvement of outcome has been achieved even with intensive multiagent chemotherapy including HD ara-C and HD MTX. BMT in first CR from a matched related or unrelated donor may offer the only chance of cure. 40, 41 Because of the older age of most BCR-ABL ϩ adults, the option of BMT is not available for substantial numbers of these patients. Thus, new therapeutic approaches are urgently required. Specific inhibitors (STI-571) of BCR-ABL tyrosine kinase activity are now being tested in clinical trials 42, 43 and may soon be included in front-line therapy of adult Ph ϩ ALL. Usage of designer ribozymes targeted against BCR-ABL sequences constitutes another promising tool, which is in preclinical evaluation. 44 Application of these drugs may hopefully induce higher and longer lasting CR rates and supports the perspective for subtype-adjusted therapy in adult ALL. GLEIßNER 
